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Abstract 
This study looks into the nexus between energy index, utility prices, and exchange rate for India, considering weekly 
data from June, 2008 to May, 2014. Generalized autoregressive conditional heteroskedasticity (GARCH) and 
exponential GARCH (EGARCH) models have been applied to scrutinize the effect of utility price and exchange rate 
behaviors on the energy index. The study discloses that rise in the global oil price, traded energy price and 
depreciation of exchange rate in turn leads to reduction of returns on energy index. It also tells that the impacts of 
positive and negative shocks on utility price and exchange rate volatility have symmetric consequences, and utility 
price and exchange rate fluctuations have enduring effect on energy index volatility. 
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1. Introduction 
Looking at the growth pattern of India, we can see that the economic growth achieved by India is 
majorly driven by continuous consumption of energy. Among other developing nations across the world, 
India is one of the net crude oil importing nations, and this is majorly driven by the demand of industrial 
sector. During 2008-2014, crude oil import of India has gone up by 81.27 per cent, along with the rise in 
the foreign exchange rate by 40.18 per cent for US Dollar. Due to industrial growth and inadequate 
supply of coal, captive power plants of India are turning towards the energy trade market. However, in 
order to keep the production running, the excess demand of energy was not being catered by the traded 
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energy, and to supplement the demand for excess energy [1], crude oil import started to increase, as apart 
from coal, this is one of the primary sources of energy production. However, due to this increasing 
amount of crude oil import, India’s balance of payment was affected directly [2], and this adverse effect 
was experienced in the financial markets. 
 
Nomenclature 
 
BSE  Bombay Stock Exchange 
SENSEX Sensitive Index 
GARCH  Generalized autoregressive conditional heteroscedasticity 
BRIC  Brazil, Russia, India, and China 
 
During 2008-2014, Indian financial market has seen its highs and lows, and after touching the lowest 
point of 8325.82 on 6th March 2009, SENSEX (Bombay Stock Exchange Sensitive Index) touched the 
highest point of 23815.12 on 17th April, 2014. 2008 was the year, when the world experienced financial 
crisis, and India started its first ever commercial energy trading platform, India Energy Exchange. 
Trading of the utility posed a significant impact on Indian growth pattern, by allowing corporations to 
avail energy at a lower cost than before. Growth of Indian corporations was visible in the rise of SENSEX 
subsequent to the financial crisis, and the movement of utility prices along with exchange rate played vital 
roles in this aspect. This was a period, when volatility of exchange rate, crude oil price and gas price 
affected the financial markets of developing nations to a great extent. Researchers have already identified 
the significance of energy and electricity consumption considering the economic growth [3]. However, 
mere visualization of this economic and financial growth pattern was unable to discover the real impact of 
the utility price and exchange rate shocks on the components of SENSEX, as it is composed of various 
industries. Therefore, disintegrating the sectors directly attached to utility price and exchange rates, and 
investigating the effects of shocks can bring forth more insights to the analysis of Indian stock market, on 
the face of utility price and exchange rate shocks. Bandivadekar and Ghosh [4] have tried to compare 
between the indices of Bombay Stock Exchange and National Stock Exchange in the face of rise in 
commodity derivative price volatility. Merh et al. [5] have tried to forecast several Indian financial market 
indicators and they have found dissimilarities in their patterns of growth. Herring [6] has analyzed the 
differential impact of oil price on Indian stock market following a cointegration approach. Song et al. [7] 
have analyzed the same for the context of BRIC countries by using data envelope analysis approach. Lee 
and Lee [8] have considered gas price as a significant component while going for establishing efficient 
market hypothesis, which was reconsidered by Sen [9]. Studies have been carried out in diverse contexts 
like Russia [10], China [11], Pakistan [12], Iran [13], Thailand [14] etc. 
Considering Indian context, disintegrating the effects of utility prices and exchange rate movements on 
financial market has not been considered in the literature so far, and this research gap of differential 
impact analysis still unaddressed, where lies the focus of our paper, and to achieve that, we have 
identified the energy index of Indian stock market, i.e. BSE POWER. We have given priority to BSE 
POWER over SENSEX, and this disintegration of effects has been necessitated by the very compositional 
structure of SENSEX, where the power sector holds a very small percentage, and therefore, analyzing the 
movement of SENSEX devoid of considering the individual components may bring forth wrong signal 
about the nature of Indian financial market. Following generalized autoregressive conditional 
heteroskedasticity (GARCH) and exponential GARCH (EGARCH) models, we have analyzed the effects 
of the utility price and exchange rate movements on BSE POWER, which is a contribution in the 
literature of energy economics. 
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2. Econometric Methodology 
For this study, we have collected weekly data of Energy Index (BSE POWER), traded energy prices, 
traded gas prices, global oil prices, and rupee-dollar exchange rates from Reserve Bank of India 
(www.rbi.org.in), Indian Energy Exchange (www.iexindia.com), Bombay Stock Exchange 
(www.bseindia.com), Multi Commodity Exchange (www.mcxindia.com), and U.S. Energy Information 
Administration (www.eia.gov). Duration of this study is from June 9, 2008 to May 16, 2014. This study 
has considered the weekly returns on all of the parameters, by means of the following calculation: 
 
∆t = log (Xt / Xt-1)                                                                                                                                   (1) 
 
Here, Xt and Xt-1 are values of the parameters for the period t and t-1. Let ∆INt, ∆energyt, ∆gast, ∆oilt, 
∆ext are the weekly returns on BSE POWER, traded energy price, traded gas price, global oil price and 
rupee-dollar exchange rate on tth period. The descriptive summary is represented in Table 1. Absence of 
normality in all the variables is depicted by the Skewness, Kurtosis, and Jarque-Bera statistics. This study 
has considered the weekly returns on all of the parameters, by means of the following calculation: 
 
∆INt = a + b ∆energyt + c ∆gast + d ∆oilt + e ∆ext + εt                                                                                                               (2) 
 
Where, εt follows the distribution of (0, σt2), and h signifies various BSE indices. A different mean 
equation taking into account GARCH in mean (GARCH-M) equation can be shown as 
 
∆INt = a + b ∆energyt + c ∆gast + d ∆oilt + e ∆ext + f σt2 + εt             (3) 
 
The variance equation for (3) can be shown as 
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In case of GARCH (1, 1), μ > 0, | ξ1 | < 1, and (1 – τ1 – ξ1) > 0 
For order (m, n), EGARCH model can be shown as 
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μ designates the mean of volatility, and ψ designates dimensional effect, demonstrating the extent of 
volatility. Value of Φ designates an assessment of the determination of shocks. Stationarity of an 
EGARCH (m, n) model is ensured by Φ < 1. The directional effect is demonstrated by η. 
Table 1. Descriptive statistics 
 ∆INt ∆energyt ∆gast ∆oilt ∆ext 
Maximum 0.09157 0.40065 0.60345 0.17003 0.03113 
Minimum -0.07950 -0.29436 -0.96181 -0.16585 -0.03031 
Std. Dev. 0.01725 0.09256 0.17283 0.06035 0.00874 
Skewness -0.00995 0.40241 -0.26928 -0.10491 0.40243 
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Kurtosis 7.30201 5.33336 6.09548 3.00503 5.98629 
Jarque-Bera 238.286a 78.4381a 127.102a 28.332a 102.035a 
a Significance level 1% 
3. Results and Analysis 
Empirical analysis starts with checking the nature of stationarity of all the variables. For this purpose, 
Augmented Dickey-Fuller (ADF), Phillips-Perron (PP) and Kwiatkowski-Phillips-Schmidt-Shin (KPSS) 
tests have been applied. In first two cases, null hypothesis is that there are unit roots, which have been 
rejected at 1% significance level, indicating stationarity of all the series. In case of KPSS test, null 
hypothesis is that there are not unit roots, which has been accepted in all of the cases, indicating the same 
result as per the previous two tests. The results are recorded in Table 2. Stationarity of variables 
disqualify existence of any cointegration association between them, which allows us to move towards 
further analysis. Consideration of weekly data over daily data has allowed us to get past the issues in 
empirical results driven by volatility clustering [15]. We have considered errors to be distributed 
normally, and the orders of the GARCH and EGARCH models have been found out by means of 
Schwartz information criterion. 
Table 2. Results of econometric analysis 
Variables 
ADF PP KPSS ADF PP KPSS 
Level data Intercept and Trend 
∆INt -10.25589a -15.53667a 0.072344 -10.23696a -15.51260a 0.078496 
∆energyt -13.17532a -70.98404a 0.500000 -13.16384a -82.66464a 0.500000 
∆gast -17.80365a -31.10407a 0.163725 -17.80290a -31.96522a 0.061042 
∆oilt -17.36572a -17.73618a 0.167215 -17.39913a -17.73443a 0.125313 
∆ext -15.30089a -15.29715a 0.076800 -15.27569a -15.27192a 0.071546 
a Significance level 1% 
We will now proceed with our analysis for BSE POWER by estimation of Eq. (2) by means of 
ordinary least square (OLS) method and the results are recorded in the second column of Table 3. In this 
case, ∆energyt, ∆oilt and ∆ext have found to be significant at 1% level, and ∆gast has found to be 
significant at 5% level. According to the diagnostic tests, the results of Ljung-Box Q-statistics 
demonstrate no signs of serial correlation among the residuals up to 36 lags, and the results of ARCH-LM 
test up to 36 lags demonstrate statistical significant presence of ARCH effect among the residuals.  
As it has been seen that ARCH effect is present in the residuals, GARCH (1, 1), GARCH (1, 1)-M, 
and EGARCH (1, 1) have been estimated using maximum likelihood method. If we look at Table 3, then 
we can visualize that the mean equation of GARCH (1, 1) demonstrates 0.99 per cent, 13.75 per cent and 
141.78 per cent decline in BSE POWER with 100 per cent rise in traded energy price, global oil price and 
exchange rate, respectively. ∆gast has found to have no significant impact on BSE POWER. Diagnostic 
tests have established that the series of residuals are free from the effects of heteroscedasticity and serial 
correlation. Statistical insignificance of f has entails that the volatility of BSE POWER has no significant 
effect on BSE POWER itself. 
The results of EGARCH (1, 1) model are recorded in the last column of Table 3, and we can see that 
∆energyt, ∆oilt and ∆ext have found to be significant at 1% level. Surprisingly, like the previous case, 
∆gast has found to have no significant impact on BSE POWER. The coefficients demonstrate 0.92 per 
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cent, 13.82 per cent and 139.87 per cent decline in BSE POWER with 100 per cent rise in traded energy 
price, global oil price and exchange rate, respectively. If we look at the variance equation now, then we 
can see that η is statistically insignificant, and this illustrates that either directions of shocks to BSE 
POWER have similar effects, therefore implying symmetrical response to positive and negative shocks 
during the period of investigation. Φ is statistically significant at 1% significance level, and as its 
coefficient is near to one, the shocks have stable consequences on the volatility of BSE POWER. Like the 
previous case, diagnostic tests have established that the series of residuals are free from the effects of 
heteroscedasticity and serial correlation. 
Table 3. Results of econometric analysis 
Parameter / Model OLS GARCH (1, 1) GARCH (1, 1)-M EGARCH (1, 1) 
I. Mean equation 
a -5.28E-05 [0.00078] -0.00036 [0.00071] -0.00098 [0.00124] -0.00042 [0.00069] 
b -0.01233a [0.00842] -0.00987a [0.00779] -0.00985a [0.00778] -0.00917a [0.00773] 
c 0.00985b [0.00454] 0.00564 [0.00367] 0.00540 [0.00366] 0.00477 [0.00358] 
d -0.15874a [0.03987] -0.13747a [0.03718] -0.13742a [0.03741] -0.13817a [0.03784] 
e -1.63675a [0.14660] -1.42223a [0.09512]  -1.41775a [0.09542] -1.39869a [0.09972] 
f - - 4.57332 [8.07838] - 
II. Variance equation 
μ - 4.02E-06a [1.62E-06] 3.94E-06a [1.60E-06] -0.25506a [0.09559] 
τ - 0.03938 [0.02744] 0.04167 [0.02816] - 
ξ - 0.92527a [0.02922] 0.92371a [0.02858] - 
Ψ - - - 0.09639b [0.05033] 
η - - - -0.02280 [0.03201] 
Φ - - - 0.98030a [0.00884] 
III. Diagnostic tests 
Q-statistics (6) 1.534 9.058 9.196 8.887 
Q-statistics (24) 0.551 27.432 27.393 26.941 
Q-statistics (36) 0.709 39.476 40.209 39.210 
ARCH-LM (6) 4.641a 0.511 0.480 0.510 
ARCH-LM (24) 3.039a 1.052 0.991 0.970 
ARCH-LM (36) 2.866a 0.907 0.893 0.861 
IV. Additional details 
Observations 309 309 309 309 
R2 0.385 - - - 
Adjusted R2 0.376 - - - 
F test 47.482a - - - 
Wald test (Chi square) - 13.668a 13.492a 13.278a 
Figures in () are probability values and those in [] are standard errors 
a Significance level 1% 
b Significance level 5%
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4. Conclusion 
So far, we have analyzed the effects of traded energy price, traded gas price, global oil price, and 
rupee-dollar exchange rate movements on BSE POWER. Apart from gas price, effects of the 
aforementioned parameters on BSE POWER have found to be negative. GARCH and EGARCH models 
have been applied to investigate the impacts. Conclusions of this study are as per the following. 
First, being an oil importing nation, upside movements of oil price deteriorates the exchange rate, 
which is favourable for service industries, the major constituent of SENSEX. Therefore, in order to carry 
out a disintegrated analysis of Indian financial market, energy index has been chosen [16], and this is the 
area, where contradictory picture has been found out through this analysis, compared to earlier studies on 
composite indices. However, firms, which strive to employ latest technologies from abroad, are being 
encountered with difficulties with higher rate of exchange, as it decreases their cash inflow, which is 
reflected in their dividend distribution and profit retention policies [17]. Moreover, hike in utility prices 
results in rise in production cost, which is reflected in their market share, and consequently, in their stock 
market returns. 
Second, discovery of energy price in primary market is a new phenomenon in Indian economy, which 
has given the government-regulated energy market the biggest shock in terms of setting the laissez faire 
market price, which was previously not there in Indian scenario [18]. It has provided the government 
undertaken power distribution sector with a negative shock, as well as the capital goods manufacturing 
sector, as the latter is one of the biggest buyers of the former one. Contrary to the findings of Parikh et al. 
[19], our study have established that devoid of the demand of natural gas, movements of gas price do not 
have any significant impact on the energy index movements. 
Third, the shocks of traded energy price, global oil price, and exchange rate are permanent on the 
volatility of energy index. However, it has also been found that the volatility of the indices have no 
significant impact on the indices themselves. 
Fourth, in the literature on energy economics, this study has a contribution in terms of finding out the 
quadrilateral association among energy index, traded energy price, global oil price, and exchange rate, 
considering their volatility and movement. The possible impact of traded energy price, global oil price, 
and exchange rate on energy index movement, and that too in post financial crisis period has never tried 
to be captured in any context. Considering the context of a developing nation, results of this study 
contributes to the literature of energy economics. 
Having found the associations of energy index with utility prices and exchange rate, portfolio selection 
alternatives can be advised on the face of volatile utility price and exchange rate, in the similar lines with 
Markowitz [20]. For the purpose diversification of a portfolio during economic ups and downs, investors 
have to be aware about impact of the shocks on the sectors, which they can consider for possible selection 
in portfolios. Sectoral disintegration of SENSEX and bringing out energy index for analyzing effects of 
utility prices and exchange rate movements possibly bridges the gap in the existing literature, and 
findings of the study can be implemented for a more efficient formation of portfolio. As, we have not 
considered other sectoral indices in this study, further research on the mentioned aspect can bring forth 
more significant insights about the nature of Indian financial market, and those insights can be applied to 
other developing nations as well. 
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